The authors compared sublexical and supralexical approaches to morphological processing with unambiguous and ambiguous inflected words and words with ambiguous stems in 3 masked and unmasked priming experiments in Finnish. Experiment 1 showed equal facilitation for all prime types with a short 60-ms stimulus onset asynchrony (SOA) but significant facilitation for unambiguous words only with a long 300-ms SOA. Experiment 2 showed that all potential readings of ambiguous inflections were activated under a short SOA. Whereas the prime-target form overlap did not affect the results under a short SOA, it significantly modulated the results with a long SOA. Experiment 3 confirmed that the results from masked priming were modulated by the morphological structure of the words but not by the prime-target form overlap alone. The results support approaches in which early prelexical morphological processing is driven by morph-based segmentation and form is used to cue selection between 2 candidates only during later processing.
The internal structure of morphologically complex words, such as house ϩ s, their representation in the mental lexicon, and mechanisms of processing have been under continuous debate during the last 3 decades. Even though there is an impressive amount of evidence suggesting that morphology is represented in the human mind and exploited in the course of processing, the question as to exactly what kind of role morphological entities have in the course of the comprehension process is not yet resolved (see, e.g., Assink & Sandra, 2003; Baayen & Schreuder, 2003; Feldman, 1995; McQueen & Cutler, 1998) .
Most current models claim that complex words are stored in a morphologically structured manner and not simply as whole words. Moreover, a number of studies across typologically different languages and orthographies have shown that morphological structure can affect the processing of complex words very early in the course of processing (e.g., Badecker & Allen, 2002; Boudelaa & Marslen-Wilson, 2001; Diependaele, Sandra, & Grainger, 2005; Feldman, 2000; Forster & Azuma, 2000; Frost, Forster, & Deutsch, 1997; Giraudo & Grainger, 2000 Grainger, Colé, & Segui, 1991; Rastle & Davis, 2003; Rastle, Davis, MarslenWilson, & Tyler, 2000) . However, current approaches differ from each other with respect to what exactly they take the course of processing for morphologically complex words to be. Whereas one type of approach assumes that complex words undergo sublexical morphological segmentation prior to lexical access (Allen & Badecker, 1999; Libben & de Almeida, 2002; Rastle, Davis, & New, 2004; Schreuder & Baayen, 1995; Taft, 2004; Taft & Forster, 1975) , the other type assumes that morphological information is exploited only after the whole word representation has been accessed (C. Fowler, Napps, & Feldman, 1985; Giraudo & Grainger, 2000 Grainger et al., 1991; Lukatela, Gligorijević, Kostić, & Turvey, 1980; Manelis & Tharp, 1977) . In this article we report three studies contrasting these two accounts. In what follows, we refer to the former position as the morphology-first view and the latter as the morphology-second view.
The important question is when exactly the morphological segmentation of complex words takes place. Obligatory parsing models, as an example of the morphology-first view, assume that morphological segmentation takes place at the first stages of processing, that is, immediately after phonological encoding when form-based representations become available. Only after this stage is the information carried by the units (stems, affixes, roots) integrated and a whole word reading accomplished (Allen & Badecker, 1999; Badecker & Allen, 2002; Stockall & Marantz, 2006; Taft, 2004) . Another type of parsing model, such as that of Schreuder and Baayen (1995; Baayen & Schreuder, 1999) , allows the recognition to be attempted via both whole word and morpheme-based routes at the same time but assumes that sublexical decomposition is always attempted. Researchers have assumed that whether the parsing route succeeds in delivering the interpretation for the form before the whole word route depends on various word-specific and distributional factors, such as frequency, productivity, and formal and semantic transparency. What is common in these morphology-first approaches is that they assume the early morpheme-based (or morph-based, to be precise) segmentation phase to be strictly form-based and thus blind to higher order linguistic information, such as subcategorization, morphophonological legality, selectional restrictions, and morphosemantics (Laine, Vainio, & Hyönä, 1999; Longtin & Meunier, 2005; Rastle et al., 2004) .
In contrast, the morphology-second view assumes that the first phase of processing is achieved via the full-form reading and that possible subsequent morphemic analysis comes in only after the full form has been resolved. Structural regularities are usually assumed to be represented in an associative manner, whether in a network-like organization or in satellite-type interconnections of morphologically structured whole word forms (C. Fowler et al., 1985; Grainger et al., 1991; Lukatela et al., 1980) . As a recent modification of this approach, Giraudo and Grainger's (2000 supralexical account assumes a morphologically structured representational framework for complex words but proposes that whole word representations are accessed first, only after which the morphological units become activated.
Support for the Morphology-First View
Masked priming studies have provided particularly strong evidence favoring the morphology-first view. For example, Forster and Azuma (2000) showed facilitation between words that share a bound stem (e.g., submit vs. remit). Badecker and Allen (2002) found significant priming for Spanish inflected words that share a homographic stem (e.g., morir [to die] vs. moros [moors] ). Moreover, they showed facilitation even for pairs (such as muere [he/she/it dies] vs. moros) that are only indirectly related via a homographic stem allomorph, whereas in unmasked priming inhibition has been reported for both of the above type of words compared to form controls (Allen & Badecker, 1999; Laudanna, Badecker, & Caramazza, 1989; see Carreiras, Perdomo, & Meseguer, 2005; Laudanna, Voghera, & Gazzellini, 2002 , for contradicting evidence).
The strongest evidence supporting the early morph-based segmentation comes from recent masked priming studies suggesting that semantic transparency is not a decisive factor at this stage. Longtin, Segui, and Hallé (2003) showed in French that the early processing phase is sensitive even to mere surface morphological constitution. They found significant priming for "pseudoderived" monomorphemic targets, for example, baguette [little stick/French bread], consisting of a pseudostem bague [ring] and a real derivational suffix -ette, but inhibition for orthographically related pairs, such as abricot-abri [apricot-shelter] , where -cot is not an existing morphological suffix in French. Analogically, Rastle et al. (2004) found significant priming in English for words with a pseudoderived relation (e.g., brother-broth) but not for words that are only orthographically related (e.g., brothel-broth; see also Rastle et al., 2000) . Furthermore, Longtin and Meunier (2005) showed significant priming under masked conditions for Frenchderived pseudowords (e.g., rapidifier [quickify] ) that consist of real stems and suffixes in illegal combinations but no priming for pseudowords consisting of real stems and nonmorphological endings (e.g., rapiduit). Diependaele et al. (2005) recently argued that in fact the early morphological processing system involves two largely independent processes, one based on morpho-orthographic and another on morpho-semantic correspondence. Moreover, they showed with masked cross-modal priming that significant priming for pseudoderived words was observed only with visual prime presentation and a relatively short stimulus onset asynchrony (SOA). Also, Rastle et al. (2000) showed that with a short 43-ms prime duration, English opaque derived words induce significant priming, but that the effect decreases markedly when the duration is increased. Moreover, Bowers, Davis, and Hanley (2005) showed in semantic categorization that when the participants had to decide whether hatch referred to a piece of clothing, their no responses were significantly slower and more erroneous than when they had to decide whether the same word referred to a human body part. Furthermore, they showed that this effect did not depend on the position (initial, middle, or final) or the phonology (pronunciation) of the embedded word. These results suggest that even in the case of a substring like hat inside hatch that offers a partial visual match with an existing lexical item, its meaning becomes available and is evaluated during processing. Thus, visual word recognition may be characterized by a more general automatic pattern-matching process rather than purely morpho-orthographic segmentation alone.
In sum, several experiments have produced evidence arguing that people use only morpho-orthographic information for prelexical parsing and that parsing happens in an automatic, blind fashion. However, recent studies have challenged this view by showing that meaning may also become activated from very early on in prelexical decomposition (see also Feldman & Basnight-Brown, 2008a , 2008b . We return to this issue in the General Discussion.
Support for the Morphology-Second View
In contrast to the morphology-first approaches, there is less support for the morphology-second view. However, recent studies by Giraudo and Grainger (2000 proposed that morphologically structured representations are activated via-and only after-whole word representations (see also Drews & Zwitserlood, 1995) . In a series of masked priming studies with French derived words, Giraudo and Grainger (2000) showed that the size of the priming effect for morphologically complex words was significantly modulated by the surface frequency (but not the lemma frequency) of the primes, the higher the frequency the larger the effect, but it did not affect the facilitation for the form controls. Furthermore, Giraudo and Grainger (2001) showed equal facilitation for both monomorphemic and derived words. However, facilitation was found for truly derived words only, whereas words with real stems and nonsuffixal endings showed no facilitation. The authors explained the results in a supralexical framework, where morphologically structured form-and modality-independent representations become available only after the whole word form has been resolved. In this model all full forms that share a root are connected to the same abstract representation. Therefore, as the activation of the morpheme-based representations is taken to depend on the activation of the whole word form, only truly mor-phologically complex words are assumed to be able to significantly activate the shared representations. Thus, no morphological priming is predicted unless the whole word form of the prime is morphologically and morpho-semantically related to the target.
To contrast between the morphology-first and morphologysecond accounts, we carried out three primed visual lexical decision experiments with varying SOAs (60 vs. 300 ms) in Finnish. We attempted to establish at which point in time the language processor takes advantage of the systematic form-function correspondences when faced with the constant and frequent inflectional regularities in the input. Furthermore, the joint effects of the degree of morphological ambiguity of the prime and the primetarget form overlap were investigated.
Experiment 1
In the first experiment three types of inflected words were used as primes: (a) fully ambiguous words, which have two (or more) morphologically decomposable readings (e.g., aitoja [fence-plural/ genuine-plural]), (b) unambiguous words with an ambiguous (homographic) stem allomorph (e.g., aitona [as genuine], where aito-is also an inflectional stem in the paradigm of aita [fence]), and (c) unambiguous inflected words (e.g., aitana [as fence]). The conditions are fully explained below. The target was always the corresponding monomorphemic (free stem) word (e.g., aita [fence]). The same materials were subjected to masked (60-ms SOA) and unmasked (300-ms SOA) procedures.
Previous studies (e.g., Simpson & Burgess, 1985; Tabossi, 1988; Van Petten & Kutas, 1987) have shown that ambiguous forms such as aitoja may activate all their potential readings at an early stage of processing. This being so, we should expect to find significant priming in a masked priming experiment for fully ambiguous inflected forms. However, this effect alone would not be sufficient to establish whether early morphological segmentation has taken place: Because the full forms are possible inflected forms of both (and all) of their potential readings, significant priming is predicted by both accounts. Therefore the comparison between the three experimental word types (fully ambiguous, ambiguous stem allomorph, and unambiguous) is of crucial importance.
The morphology-first view assumes that morphological segmentation occurs very early on, but the segmentation phase may not be sensitive to higher order information, especially semantics, over and above the morpho-orthographic form correspondence. Thus, this view would predict that all three types of words should show significant priming in the masked priming procedure regardless of the degree of ambiguity of the prime (whether full, partial, or none).
In contrast, the morphology-second view predicts differing effects for the three conditions. Here the primes with an ambiguous stem play an important role. According to the supralexical account, the activation of the whole word form precedes the activation of the component morphemes. Consequently, morphological priming is seen as arising via top-down activation from shared lexical representations between the prime and the target (e.g., Giraudo & Grainger, 2000) . Therefore, even though the primes and the targets in the ambiguous stem condition formally share a stem allomorph, the surface form of the primes is a completely unambiguous inflected form of a different semantically unrelated lexeme and should thus activate the morphologically structured lexical representation for that lexeme alone. Therefore, whereas the supralexical account predicts significant facilitation in the fully ambiguous and unambiguous conditions, because in these cases the full forms are de facto inflected forms of the target, it predicts reduced or no priming for the ambiguous stem condition, because the prime is not an inflected member of the target paradigm, despite the shared stem form. A comparable facilitative effect for all three conditions would then go against the morphology-second account and readily support the morphology-first view.
At a later stage with the unmasked 300-ms SOA, in turn, both accounts predict significant facilitation for the unambiguous inflected words. For the two ambiguous conditions, however, the predictions differ: If, as assumed by the morphology-first view, the morphologically decomposed stem is mainly responsible for lexical access, we should observe no difference between the fully ambiguous and ambiguous stem conditions, because in both cases the stem is a member of the target word's inflectional paradigm. Moreover, because in both cases the stem is semantically ambiguous between the target and a competing lexical representation, suppressing the competing reading when the target is encountered might result in reduced or no facilitation for both compared to the unambiguous condition.
In contrast, if, as the morphology-second view assumes, lexical access precedes morphological effects, semantic relatedness of the whole word form and the target is a precondition for any morphological effects to occur. Thus, there should again be a difference between the two conditions: This is because in the ambiguous stem condition the whole word form of the prime is not semantically related to the target, whereas in the fully ambiguous condition the whole word form is an inflected form of the target.
Method
Participants. Altogether, 72 undergraduate students from the University of Joensuu participated, 36 in the masked and 36 in the unmasked priming experiment. All were native speakers of Finnish and had normal or corrected-to-normal vision.
Materials. Thirty-two familiar Finnish monomorphemic nouns were selected as targets. The average lemma frequency was 38 per million words and the average length in letters was 4.9. All primes were inflected words consisting of a stem and an inflectional affix. The four priming conditions formed quadruplets such as the following (see Table 1 Form overlap (calculated as the percentage of the initial letters of the target shared by the prime) was 70.1% in Conditions 1 and 2, 74.2% in Condition 3, and 5.8% in Condition 4 (due to nine items sharing one noninitial letter). In addition, the mean affix lengths for the critical conditions (Conditions 1-3) in terms of the number of letters following the critical inflectional stem form in each prime word were 2.97, 2.91, and 2.44, respectively. In half of the cases (16) the competing (unseen) lexeme was a nominal form, that is, either a noun or an adjective, and in half of the cases it was a verb. In addition, 168 filler prime-target pairs were constructed; 68 of the fillers consisted of monomorphemic (16 cases), derived (16 cases), and inflected (36 cases) words primed by monomorphemic (26 cases) and inflected real words (22 cases) or phonotactically legal nonwords (20 cases). One hundred of the fillers consisted of phonotactically legal nonwords primed by nonwords (23 cases) or monomorphemic (32 cases), derived (7 cases), and inflected (38 cases) real words. The nonword targets were constructed by changing 1Ϫ2 letters from an existing monomorphemic or morphologically complex word. Of the nonword targets, 20 had a real derivational and 37 a real inflectional suffix, and 43 were monomorphemic. In 56 cases the nonwords shared the first 3-5 letters with an existing word, in 11 the first two letters, and in 33 cases one of the first two letters was changed. In 17 cases the nonword target had a real inflectional stem followed by a morphotactically illegal suffix. The experimental stimuli for Experiment 1 are listed in Appendix A.
The items were counterbalanced between four experimental lists so that each list included only one of the above (1-4) types of prime per target. Every list included an equal number of all prime types. Nine participants were randomly assigned to each experimental list.
Procedure. For the masked priming experiment, a forward mask consisting of a line of pound signs (########) was presented in the center of the computer screen for 500 ms. Immediately after that, the prime appeared in the same location for 60 ms in lowercase letters and was immediately followed by the target presented in uppercase letters in the same vertical position. For the unmasked priming, an asterisk appeared in the center of the screen for 1,000 ms, followed by the prime presented in lowercase letters in the center of the screen for 200 ms. Immediately after the prime a line of pound signs (########) appeared in the center of the screen for 100 ms followed by the target presented in the center of the screen in uppercase letters. For both experiments, the target was presented for 1,500 ms or until the participant made a response, after which the next sequence was preceded by an empty screen for 1,500 ms. All stimuli were presented in black 24-pt letters in Chicago font on a light gray background. In both experiments the participants were instructed to decide as quickly and carefully as possible whether the letter string following the line of pound signs was a Finnish word by pressing the corresponding yes or no button on the button box. All participants were tested individually in an experimental kirahvit ͓giraffe-pl-nom͔
Note. As in Experiment 1, Experiments 2A, 2B, 3A, and 3B also had an additional unrelated control condition. pl ϭ plural; ptv ϭ partitive case; sg ϭ singular; ess ϭ essive case; nom ϭ nominative case.
room. Twenty practice trials preceded both experiments, and an additional 10 trials preceded the experimental items. The primetarget pairs were presented in a random order for each participant.
Response latencies and erroneous responses were recorded for data analysis.
Results and Discussion
Before data analysis, data from 2 participants from the unmasked priming experiment were excluded due to an overall error rate of over 35%. Also, for both experiments all incorrect responses as well as responses that were 2 SDs below or above individual means were removed. The outliers and errors accounted for 3.6% and 9.8% of the data for the masked and unmasked experiments, respectively. For both the masked and unmasked priming experiments we carried out one-way analyses of variance (ANOVAs) with prime type (ambiguous full form, ambiguous stem, unambiguous related, unrelated) as a within-subjects and within-items variable.
Masked priming. For the masked prime duration the ANOVAs revealed a significant difference of prime type, F 1 (3, 105) ϭ 4.65, MSE ϭ 1,217, p Ͻ .005; F 2 (3, 93) ϭ 7.24, MSE ϭ 839, p Ͻ .001. Bonferroni t tests for the subject and item means showed that all experimental conditions elicited significant priming compared to the unrelated control condition (all ps Ͻ .05).
Unmasked priming. For the unmasked prime duration the ANOVAs showed a significant effect of prime type, F 1 (3, 99) ϭ 8.62, MSE ϭ 1,489, p Ͻ .001; F 2 (3, 93) ϭ 5.47, MSE ϭ 2,959, p Ͻ .005. However, pairwise comparisons showed that only the unambiguous condition resulted in significant priming in both subject and item analyses compared to the unrelated condition (Bonferroni t tests, ps Ͻ .01).
There was no effect of prime type in the error rates for either experiment (Fs Ͻ 1). As shown in Table 2 , however, the unambiguous condition did produce fewer errors than any other condition across the experiments. Despite the overall tendency, however, separate ANOVAs with condition as a within-subjects variable and items and experiment (masked, unmasked) as between-subjects and within-items variables showed no significant main effect of condition and no interactions (all Fs Ͻ 1).
The results from the masked priming experiment showed that not only the unambiguous inflected words but also the fully ambiguous words primed the target nouns significantly more than did the unrelated inflected words. By these results alone, however, we cannot determine whether morphological parsing or whole word access took place, because the full form meanings of both are in perfect accordance with the meaning of the target, that is, they are both members of the target paradigm. However, what does make a whole word account untenable is the fact that the words with an ambiguous stem homograph allomorph (e.g., aito-) also resulted in strong priming, despite the fact that the full form has no lexical relation with the target (e.g., aitona [as genuine] vs. aita [fence]). That the facilitative effect was in the same range of magnitude as in the other two experimental conditions provides clear evidence against morphology-second approaches, which would predict either no priming at all or clearly reduced priming. According to the supralexical model, whereas the whole word form of the unambiguous prime, for example, aitana [as a fence], would readily activate the constituent morphemes aita-and -na and subsequently the amodal lexical representation of AITA [fence], the case is qualitatively different with the primes in the ambiguous stem condition. Because in this condition the whole word form of the prime, such as aitona [as genuine], should activate the constituent morphemes aito-and -na and, therefore, the amodal lexical representation of AITO [genuine] , no ambiguity and, thus, no direct activation of the target AITA [fence] should result. The only way that the model could allow for the homographic stem aito-to activate the competing paradigm is by activation feedback, in which case the priming effect should have been markedly smaller than in the unambiguous condition. For all the critical conditions then, we have good grounds to claim that in the early stage of processing all possible meanings become activated at once via a form-based prelexical parsing procedure.
It is important to establish that the priming observed with the short masked SOA was indeed due to the morphological relationship between the prime and target in the ambiguous stem and fully ambiguous conditions and not due to the form overlap between them. Previous findings from priming with short SOAs make the latter possibility unlikely. For example, Drews and Zwitserlood (1995) found significant facilitation with a masked 66-ms SOA for Dutch morphologically related prime-target pairs, such as kersenkers [cherries-cherry], but significant inhibition for orthographically, but not morphologically or semantically, related pairs, such as kerst-kers [Christmas-cherry] . Feldman (2000) , in turn, showed that English inflected words (e.g., vowed) primed their base forms (e.g., vow) significantly more than did only orthographically related primes (e.g., vowel) with a 66-ms masked prime duration (see also Longtin et al., 2003; Rastle et al., 2004) . In addition, the former explanation seems more plausible in the light that the priming effects for the two conditions were in the same range as those in the unambiguous condition, despite the fact that there was strictly speaking less form overlap in the two critical conditions than in the unambiguous condition, because oblique (nontransparent) stems were used in both. Although prime-target form overlap offers an unlikely explanation for the observed results, we return to this issue in Experiments 2 and 3. The results from the unmasked priming in Experiment 1 are not as straightforward. We found no significant facilitation in the ambiguous stem condition, suggesting that either the whole word interpretation sufficed to indicate that there was no lexicalsemantic relation between the prime and the target or that the stem ambiguity resulted in competition, reducing the effect. That we did not find inhibition for these words, however, is not in line with the results of Allen and Badecker (1999) , who found significant inhibition for Spanish stem homograph allomorphs in a setting comparable to ours. We discuss the possible reasons for these differences in the General Discussion.
As for the fully ambiguous words, the results could be due to a number of factors. One possibility is that the priming effect was modulated by the relative frequency of the competitor and target interpretations. Simpson (1981) showed that in visual priming, lexical decision times to the target word preceded by an ambiguous prime were significantly facilitated only when the target reading was related to the more frequent meaning of the prime word. The eye-movement reading experiments of Rayner and Duffy (1986) and Duffy, Morris, and Rayner (1988) pointed to a similar conclusion, in that fixation times to an ambiguous target were slowed down when the two readings of the target were of equal frequency, but not when one of the readings was more frequent than the other. The above studies used monomorphemic words only, so the evidence for multimorphemic words needs to be interpreted with caution. More recently, Hare, Ford, and Marslen-Wilson (2001) conducted a cross-modal priming experiment using regular and irregular verbs whose past tense forms were homophonous with another monomorphemic word (e.g., allowed vs. aloud and ate vs. eight, respectively). Significant inhibition was found for both regular and irregular verbs when the homophone reading was more frequent than the past tense reading. They also found a small facilitative effect for the regular verbs but a small nonsignificant inhibitory effect for the irregular ones when the past tense reading was more frequent than the competing homophone interpretation. It is possible, then, that in our unmasked priming experiment there was a difference between the target and competitor readings such that facilitation for the frequent target readings was cancelled out by possible inhibition for the cases where the competitor frequency was in turn greater. In order to check whether this was the case, we calculated the relative frequencies of the two potential readings in context using corpora from the Language Bank of Finland.
1 The items were grouped into two sets, one where the target readings were more frequent and another where the competitor readings were more frequent. Because in two of the cases the two readings were of equal frequency, they were excluded from the analyses. This resulted in two groups of 15 items. Comparing the results for the two groups in the ambiguous condition showed that the priming effects did not differ significantly (competitor, -9 ms; target, -11 ms), t(14) Ͻ 1. We can therefore conclude that the relative frequencies of the two readings did not affect the results.
A second possible explanation for the lack of priming is that the simultaneous activation of both readings resulted in a competition that diminished the advantage of seeing the prime to the extent that only a nonsignificant facilitative trend was observed in the ambiguous condition. Although unlikely, it might be that due to the long presentation of the prime, participants may have become aware of the relation between prime and target and may have developed strategies to optimize their performance (e.g., Badecker & Allen, 2002) .
However, a further factor influencing the outcome may be the relative salience of the stem form. In all of the cases, the visual relation between the morphologically ambiguous prime and the target was diminished, in other words, the stem of the inflected ambiguous word was always formally different from the (seen) target noun, for example, aito ϩ ja (meaning either [fences] or [genuine-plural]) versus aita [fence], whereas the stem was always transparently related to the (unseen) competitor reading, for example, aito ϩ ja versus aito [genuine] .
Indeed, various off-line studies suggest that decreasing formal transparency affects morpheme identification (e.g., Derwing, 1976; Derwing, Smith, & Wiebe, 1995) in both normal children and adults, as well as in children with reading problems (A. Fowler & Liberman, 1995) . However, results from on-line word recognition experiments are more inconclusive, even seemingly contradictory. Various studies have found that the degree of formal transparency affects the recognition of morphologically complex words (Bradley, 1979; Cutler, 1980; Stanners, Neisser, Hernon, & Hall, 1979) . Other studies have found this not to be the case (e.g., C. Fowler et al., 1985) . Marslen-Wilson, Tyler, Waksler, and Older (1994) did not find any difference between transparent and opaque derivations in a cross-modal priming task, whereas Tsapkini, Kehayia, and Jarema (1999) found a difference in a crossmodal task but not in visual primed lexical decision.
2 Previous studies in Finnish, in turn, have found no effect of phonological transparency in terms of stem allomorphy in the processing of inflected words either in lexical decision (e.g., Niemi, Laine, & Tuominen, 1994) or priming (Järvikivi & Niemi, 2002 . However, all of the above studies used unambiguous morpholog-1 We calculated the frequencies using the joint frequencies from two Finnish newspaper corpora, Turun Sanomat and Karjalainen (comprising about 56 million words); see http://www.csc.fi/english 2 As most studies have been conducted in English, most evidence has also been obtained from derivational morphology. There is a caveat, however: English derivational morphology is characterized by a split into (roughly) native and nonnative (Class II and Class I) affixation. Classical examples are the rival suffixes -ness (native, Class II), which does not trigger allomorphy or phonological operations (stress shift, velar softening), for example, nativeness, and -ity (Latinate, Class I), which is accompanied by phonological changes, for example, nativity (vs. native). However, Ϫity is also the less productive of the two (Aronoff, 1976) . Because the two classes come with systematic differences in phonological, morphological, and semantic properties, it is the case that (most) changes in phonological transparency across categories are accompanied with changes in productivity and semantic coherence as well. There may then be a general processing difference between the two (Emmorey & Fromkin, 1988; Vannest & Boland, 1999) . As most studies have been conducted between categories, there is a good chance that they have been confounded by other factors besides transparency, such as frequency and productivity.
ically complex words only, and, thus, it may be that in the present case the transparent reading facilitated the competitor interpretation to an extent that it ended up interfering with the resolution of the target and diminished the priming effects for the nontransparent reading. This possibility was tested in Experiment 2.
Experiment 2
Experiment 2 further investigated a number of issues left open in the previous experiment. First, the influence of form overlap between the prime and target was investigated in order to determine whether the results from Experiment 1 were attributable to the morphological relationship between the prime and target and not merely to the form resemblance between the two. Second, we investigated the role of the stem form in the processing of ambiguous inflected words. In order to do that, two separate sets of prime-target pairs were constructed.
Method
Participants. Altogether, 63 undergraduate students from the University of Joensuu participated, 30 in the masked and 33 in the unmasked priming experiment. All were native speakers of Finnish and had normal or corrected-to-normal vision. None had participated in Experiment 1.
Materials. In the first set (Experiment 2A) we investigated the possible influence of form overlap with familiar nouns as targets primed in three conditions (see Table 1 In the second set (Experiment 2B), we investigated the possible influence of the stem form in two target type conditions by priming both potential readings of the ambiguous inflected form: The prime was a fully ambiguous inflected form (see Experiment 1), and the first prime-target relation was always phonologically transparent (e.g., haava ϩ t [aspens/wounds] vs. haava [wound]), whereas the second prime-target pair was always phonologically opaque (e.g., haava ϩ t [aspens/wounds] vs. haapa [aspen] ). Two further conditions were included where the targets in the transparent and opaque conditions were primed with both unambiguous inflected words corresponding to the target reading as well as with formally and semantically unrelated words.
There were 45 familiar Finnish monomorphemic nouns selected as targets; 21 were used in the first (orthographic) set (Experiment 2A) and 24 in the second (morphological) set (Experiment 2B). The mean length in letters was 5.1 and the mean lemma frequency was 49 (log 1.69) words per million for the orthographic set, and the average length in letters was 4.9 and the mean lemma frequency was 75 (log 1.88) words per million in the morphological set. The mean log frequencies for the two target sets, hence referred to as opaque and transparent, were 1.89 and 1.36, t(11) ϭ 1.19, p Ͼ .1, and log morphological family sizes were 1.79 and 1.77 (t Ͻ 1), respectively.
3
Each target in the orthographic set was paired with three types of primes as shown above. Half of the primes in the pseudostem condition had a real suffix, and the other half consisted of monomorphemic words with an embedded (pseudo)stem and a pseudosuffix as described above. The average prime-target form overlaps, calculated as the percentage of initial letters shared by the prime and target in the form, pseudostem, and unrelated conditions, were 77.0%, 64.0%, and 4.0%, respectively.
The 24 targets in the morphological set formed 12 pairs, each of which was primed with the corresponding fully ambiguous inflected form as shown above. In addition to the ambiguous condition, two further conditions, unambiguous and unrelated, were included. In the unambiguous condition, each target was paired with an unambiguous inflected noun corresponding to the target; for example, haapa [aspen] was primed with haapaa [aspenpartitive-singular], and haava [wound] with haavaa [woundpartitive-singular]. In the unrelated condition each target noun was primed with a phonologically, orthographically, and semantically unrelated inflected noun, as in Experiment 1. The mean primetarget form overlaps as the percentage of the initial letters shared by the prime and target for the ambiguous, unambiguous, and unrelated conditions in the transparent set were 100%, 80.4%, and 5.0%, and in the opaque set 75.0%, 83.3%, and 1.7%, respectively. The experimental stimuli for Experiments 2A and 2B are listed in Appendixes B and C, respectively.
In addition to the 45 experimental stimuli, a set of 195 primetarget pairs was constructed to serve as fillers. In 75 filler pairs the target was a monomorphemic (25 cases) or inflected (50 cases) real word. The monomorphemic targets were primed by monomorphemic and inflected real words (15 cases) and nonwords (10 cases). The inflected targets were primed by inflected (19 cases) and monomorphemic (10 cases) real words as well as nonwords (21 cases). In the remaining 120 filler pairs the target was a monomorphemic (65 cases) or inflected (55 cases) nonword primed by monomorphemic (40 cases) and inflected (50 cases) real words as well as nonwords with and without a real inflectional suffix. The nonword targets were constructed by changing 1-2 letters from an existing monomorphemic or inflected word. There were 50 of the nonword targets that shared the first 3-5 letters with an existing stem. In the rest of the cases 1-2 of the first three letters were changed.
3 Because the two morphological target sets were not completely matched in lemma frequency, despite the difference being statistically nonsignificant, a subjective frequency rating on a 7-point scale was carried out to ensure that the word sets did not differ in familiarity despite the frequency difference in the newspaper corpus. Subjective frequency rating has been shown to be especially sensitive for both cumulative (lemma) frequency and morphological family size-the number of derived and compound words including the word in question as a constituent-of monomorphemic nouns (Schreuder & Baayen, 1997) . The ratings from 12 participants showed no difference between the sets (mean rating scores: opaque, M ϭ 5.49; transparent, M ϭ 5.54).
The experimental items were counterbalanced across three experimental lists. An equal number of participants was randomly assigned to each list.
Procedure. The procedures for both the masked and unmasked priming experiments were identical to those in Experiment 1.
Results and Discussion
The results from the orthographic and morphological sets are presented separately. Before data analyses, data from 2 participants were excluded from the masked priming experiment due to an error rate of over 25%. In addition, two targets in the orthographic set produced over 50% of errors and were thus excluded from all three conditions. Also, erroneous responses as well as responses that were 2 SDs below or above individual means were removed. The outliers and errors amounted to 10.7% and 10.6% of all data points in the masked and unmasked experiments, respectively. The remaining observations were used to calculate the response latencies and error rates for each condition. The joint results for both the orthographic set (Experiment 2A) and morphological set (Experiment 2B) in the masked and unmasked priming experiments are presented in Table 3 .
Experiment 2A: Masked priming. ANOVAs with the prime type as a within-subjects and within-items variable revealed no significant effect of prime type, F 1 (2, 54) ϭ 1.71, MSE ϭ 1,886, p Ͼ .1; F 2 (2, 36) ϭ 1.25, MSE ϭ 1,517, p Ͼ .2, indicating that the observed facilitation in neither the pseudostem nor the form condition was statistically reliable. However, as our pseudostem condition included both words consisting of a real stem and a real affix (e.g., lakana [bedsheet], consisting of a bound stem laka {as in laka ϩ lla [with lacquer]} plus an essive suffix -na) and words with a real stem and a nonsuffixal ending (e.g., nokare, consisting of a bound stem noka {as in noka ϩ lla [with a beak]} and an ending -re that is not a real suffix in Finnish) of the above types of words, it is of interest to see whether they behaved identically under the masked priming conditions. The results from earlier studies would predict more priming in the former case than in the latter. Although, this is indeed what we found, the priming effects for neither were statistically reliable: The nouns consisting of an existing stem and an existing suffix showed a 20-ms facilitative effect compared to the 8-ms effect for the nouns where the rest of the word did not constitute an existing Finnish suffix. We return to these results in the General Discussion.
Experiment 2A: Unmasked priming. With the longer prime duration, ANOVAs showed a reliable main effect of prime type both by participants and by items, F 1 (2, 64) ϭ 4.54, MSE ϭ 1,393, p Ͻ .02; F 2 (2, 40) ϭ 4.57, MSE ϭ 1,323, p Ͻ .02. Pairwise comparisons further indicated that the observed 30-ms inhibition in the form condition was responsible for the observed main effect (ts Ͼ 2.5, ps Ͻ .05).
Experiment 2B: Masked priming. ANOVAs for the response latencies with prime type (ambiguous, unambiguous, and unrelated) as a within-subjects and within-items variable showed a significant main effect of prime type, F 1 (2, 54) ϭ 5.47, MSE ϭ 4,145, p Ͻ .01; F 2 (2, 44) ϭ 4.41, MSE ϭ 1,748, p Ͻ .02. Figure 1 depicts the effects for the transparent and opaque prime-target pairs in the ambiguous condition. In order to asses the relative priming induced by the opaque and transparent primetarget pairs, the priming effects were averaged across conditions over subjects and items, and 2 ϫ 2 ANOVAs were carried out with prime type (control, ambiguous) as a within-subjects and withinitems variable and transparency (transparent, opaque) as a withinsubjects and between-items variable. The analyses revealed a significant main effect of prime type, F 1 (2, 54) ϭ 8.06, MSE ϭ 4,008, p Ͻ .005; F 2 (2, 44) ϭ 4.40, MSE ϭ 1,749, p Ͻ .02, but no effect of transparency nor a significant interaction (Fs Ͻ 1), confirming that both transparent and opaque conditions indeed produced equal priming compared to their respective unrelated controls, as shown in Figure 1 . The results effectively confirm the hypothesis put forth above that both/all possible readings of morphologically ambiguous inflected words become activated at the same time at early stages of processing.
Experiment 2B: Unmasked priming. ANOVAs for the response latencies with prime type (ambiguous, unambiguous, and unrelated) as a within-subjects and within-items variable showed again a significant main effect of prime type, F 1 (2, 64) ϭ 7.72, MSE ϭ 4,140, p Ͻ .005; F 2 (2, 44) ϭ 6.39, MSE ϭ 2,046, p Ͻ .005. In order to assess the relative priming induced by the opaque and transparent prime-target pairs (see Figure 1) , the priming effects were averaged across conditions over subjects and items, and 2 ϫ 2 ANOVAs were carried out with prime type as a within-subjects and within-items variable and transparency (transparent, opaque) as a None of the observed differences in the error rates proved statistically significant in any of the subexperiments analyzed separately. However, as in Experiment 1, there were again fewer errors overall in the unambiguous than the ambiguous condition in Experiment 2B, suggesting a priming effect in errors for the former but not for the latter. Separate ANOVAs with condition as a within variable and experiment (masked, unmasked) as a between variable in participants and a within variable in item analyses indeed showed a significant main effect of condition, F 1 (2, 118) ϭ 3.75, p Ͻ .05; F 2 (2, 92) ϭ 3.01, p ϭ .054, but no interaction, suggesting that semantic ambiguity affected the accuracy measure in a similar fashion in both experiments.
The results from the masked morphological priming in Experiment 2 effectively confirmed the expectation based on Experiment 1 that both possible interpretations of the morphologically ambiguous inflections were simultaneously activated at the early stage of processing. They also showed that at this stage the stem form did not have any effect. The nonsignificant results from the orthographic set further suggest that the results from Experiments 1 and 2 for the ambiguous words were not due to the prime-target form overlap. Taken together, these results imply that early visual word recognition is driven by a form-based structural segmentation phase that is sensitive to morphological regularities of the target language.
The results from the unmasked orthographic set showed slight nonsignificant 7-ms inhibition for the pseudostem condition and a large significant 30-ms inhibitory effect for the form condition. The results for the orthographic set are well in accordance with previous findings from other languages in comparable SOAs (e.g., Drews & Zwitserlood, 1995; Feldman, 2000) . However, the unmasked priming results for the morphologically ambiguous words differed markedly, producing either 14-ms (nonsignificant) inhibition or strong 44-ms facilitation depending on whether the prime-target relation was formally opaque or transparent. This suggests that when a fully ambiguous prime is presented long enough that participants are aware of the prime, mere perceptual salience can facilitate the processing of the morphologically related target word considerably. In other words, when the prime is visible long enough, there is sufficient visual bottom-up information about the orthographic mismatch between haavat and haapa to render the "wound" reading more likely for the prime, to the extent that the orthographically less salient interpretation, "aspens," is effectively inhibited.
As such, the results speak for the involvement of morphological structure, which was especially pronounced in both of the masked priming experiments. However, an issue that was not satisfactorily resolved in the previous experiments is the potential role played by the prime-target form overlap. This is especially because Experiment 2A showed 17-ms facilitation for the form condition, which was not distinctly smaller than the morphological priming effects in Experiment 1. Because the results from the two experiments cannot be compared directly, we assessed this issue in the following masked priming experiment with a single group of participants.
Experiment 3
A masked priming experiment (Experiment 3) investigated whether the unavoidable form overlap between the prime and target was responsible for the masked priming effects found for the different morphological conditions in Experiments 1 and 2, and if so, to what extent. As it was not possible to find a single set of items that would both constitute a sufficiently rigorous form control and at the same time cover all inflectional types in Experiment 1 (unambiguous, fully ambiguous, and ambiguous stem), Experiment 3 included two subsets of items: We assessed, first, the role of form overlap with respect to unambiguous inflected words, and, second, the influence of form overlap for the facilitation found for the inflected words with an (ambiguous) homographic stem allomorph. Importantly, the latter also enabled us to see whether the results from Experiment 1 would replicate for this inflectional type.
Method
Participants. Thirty students from the University of Turku participated. All were native speakers of Finnish and had normal or corrected-to-normal vision. None had participated in Experiments 1 or 2.
Materials. In the first set (Experiment 3A), the possible influence of form overlap was investigated with familiar monomorphemic nouns (e.g., kortti [card]) as targets primed in three conditions (see Table 1 ): First, the inflected condition, where the prime was an unambiguous inflected member of the target paradigm. The prime always consisted of a bound stem allomorph and an inflectional suffix, for example, kortte-ja [cards] (where kortte-is a bound stem form of the target kortti [card] and -ja is a partitive plural marker). Second, there was a form condition, where the prime was a monomorphemic word always beginning with the identical embedded bound stem form as in the inflected condition followed by a nonmorphological letter string (cf. English broth-el), for example, kortteli [quarter] (where kortte-is a bound stem form of the target kortti [card] but -li is not a morphological suffix in Finnish). Third, there was an unrelated condition, where the prime was formally and semantically unrelated to the target, for example, edeltäjä [predecessor] . The prime-target form overlap in the two experimental conditions was always such that the target was never fully embedded in the prime. Thus, the change in the form of the prime and target always occurred before the morpheme/stem boundary, as in, for example, kortte-ja-kortti and kortteli-kortti.
In the second set (Experiment 3B), the possible influence of form overlap to the priming found for the ambiguous stem condition in Experiment 1 was investigated by priming monomorphemic nouns (e.g., kiri [spurt]) in three conditions: first, the ambiguous stem condition, where the primes were inflected forms, for example, kireitä [tight ϩ plural], where the whole word form kireitä is an unambiguous inflected form of the paradigm of kireä [tight] , but the stem kire-is ambiguous in that it is also an inflectional bound stem allomorph of the target lexeme, here kiri, as in, for example, kire-jä [spurts] . Second, there was a form condition, where the primes were inflected words semantically unrelated to both the target and the ambiguous stem allomorph in the ambiguous stem condition but overlapped with the target to the same degree as the primes in the first condition (e.g., kirahvi-t [giraffes]). Third, there was an unrelated condition, where the prime was a morphologically complex form that was formally and semantically unrelated to both the target and the ambiguous stem in the second condition (e.g., huhu-ja [rumors]).
We selected 54 familiar Finnish monomorphemic nouns as targets; 24 were used in the first set (Experiment 3A) and 30 in the second set (Experiment 3B). The mean length in letters was 5.0 and the mean lemma frequency was 33 words per million for the set in Experiment 3A. For the target words in the set in Experiment 3B, the average length in letters was 4.9 and the mean lemma frequency was 49.2 words per million. Half of the primes in the ambiguous stem condition were inflected nouns and half were inflected adjectives. The experimental stimuli for Experiments 3A and 3B are listed in Appendixes D and E, respectively. In addition to the 54 experimental stimuli, a set of 246 prime-target pairs was constructed to serve as fillers. In 96 fillers the target was a real monomorphemic word primed by monomorphemic (56 cases) and inflected words (30 cases) as well as nonwords (10 cases) with a real inflectional suffix. In rest of the fillers (150 cases) the targets were phonotactically legal nonwords that had no inflectional suffixes. They were primed by monomorphemic (41 cases) and inflected (55 cases) real words, as well as nonwords (54 cases) of which half had a real inflectional suffix. The nonword targets were constructed by changing 1-2 letters from an existing word. Seventyfive of the nonword targets shared the first 3-5 letters with an existing stem. In the rest of the cases 1Ϫ2 of the first three letters were changed.
The experimental items were counterbalanced across three experimental lists. An equal number of participants were randomly assigned to each list.
Procedure. The procedure was identical to the masked priming procedure in Experiments 1 and 2.
Results and Discussion
The results from Experiments 3A and 3B are presented separately. Before data analysis, one target word ( pakka) that produced over 50% of errors in two conditions in Experiment 3B was excluded from all conditions. Also, erroneous responses as well as responses that were 2 SDs below or above individual means were removed. The outliers and errors amounted to 11.1% and 8.3% of all data points for Experiments 3A and 3B, respectively. The remaining observations were used to calculate the response latencies and error rates for each condition. None of the observed differences in the error rates proved statistically significant (Experiment 3A: Fs Ͻ 1.40, ps Ͼ .25; Experiment 3B: Fs Ͻ 2.30, ps Ͼ .11). The joint results for the experiments are presented in Table 4 .
Experiment 3A. ANOVAs revealed a significant effect of prime type, F 1 (2, 58) ϭ 15.06, MSE ϭ 1,250, p Ͻ .001; F 2 (2, 46) ϭ 4.72, MSE ϭ 4,238, p Ͻ .02. Pairwise comparisons indicated that the observed differences in priming between both the inflected and unrelated, t 1 (29) ϭ 5.58, p Ͻ .001; t 1 (23) ϭ 3.77, p Ͻ .005, and between the inflected and form conditions, t 1 (29) ϭ 2.91, p Ͻ .01; t 1 (23) ϭ 2.11, p Ͻ .05, were statistically reliable.
Experiment 3B. ANOVAs showed again a significant effect of prime type, F 1 (2, 58) ϭ 5.31, MSE ϭ 1,440, p Ͻ .01; F 2 (2, 56) ϭ 4.25, MSE ϭ 3,038, p Ͻ .02. Further pairwise comparisons indicated that the observed differences in priming between both the ambiguous stem and unrelated, t 1 (29) ϭ 3.29, p Ͻ .01; t 1 (28) ϭ 3.29, p Ͻ .02, and between the ambiguous stem and form conditions, t 1 (29) ϭ 2.47, p Ͻ .05; t 1 (28) ϭ 2.08, p Ͻ .05, were also statistically reliable.
The results showed statistically significant priming for the morphological conditions in both experiments compared to both the unrelated as well as the form conditions. Most important, Experiment 3B replicated the masked homograph stem allomorph priming found in Experiment 1 with a different (albeit partially overlapping) set of stimuli. The results thus give strong support for the morphology-first accounts: They show that even when the full form of the morphologically complex prime is only formally, but not semantically, related to the target word, significant priming nevertheless occurs when the stem form is also a member of the set of inflectional stem allomorphs of the target word paradigm. Furthermore, they showed that the facilitation is statistically larger than what could be expected on the basis of form overlap alone. This is especially clear with respect to the results in Experiment 3A, where the primes in the form and inflected conditions differed only with respect to the status of the letter string following the (embedded) inflectional stem. However, one might still object that the inflected full form could nevertheless account for the priming, simply because it is an inflected form of the target. This explanation, however, cannot account for the results in Experiment 3B, where the full form is not semantically related to the target. Thus, the priming effect found for the ambiguous stem condition could only be accounted for if we assume a segmentation phase that allows for activating the stem form via which facilitation occurs.
General Discussion
We set out to investigate whether morphological analysis of inflected words occurs prelexically (before lexical selection) or only after the whole word representation has been accessed. In order to do this we pitted two types of inflectionally ambiguous words-fully ambiguous with two possible readings and partly ambiguous with an ambiguous stem allomorph-against unambiguous inflected words in the masked and unmasked visual priming experiments. In addition to the time course of processing, we also investigated the role of the stem form relative to early and later stages of word recognition. In general, the results indicate that morphological segmentation takes place early on in the course of processing and that only after that, at a later stage, does the surface representation have an effect. These results are compatible with morphology-first accounts but are difficult to explain in morphology-second accounts.
First, the first masked priming experiment showed equally strong significant priming for both types of ambiguous words as well as for the unambiguous ones. The second experiment corroborated this effect for the fully ambiguous words and indicated that the effect at this stage was equally strong for both possible readings. Secondly, the form overlap between the prime and the target, that is, the stem form, did not affect the results at all. Moreover, we never observed any significant effects for the form controls, whether closely matched with the target (e.g., likka-lakka [girllacquer] ) or pseudocomplex (e.g., lakana-lakka [bedsheetlacquer] ), which suggests that the effects for the inflected words were morphologically induced. Furthermore, the results from Experiment 3 corroborated the findings from the two previous experiments: Not only was the facilitation in the two morphological conditions statistically stronger than in either of the form conditions, the results also replicated the masked priming results from Experiment 1 for the inflected words with ambiguous inflectional stems (stem homograph allomorphs).
The results from the masked priming studies are clearly incompatible with all morphology-second approaches that assume that morphological information is used only after the whole word form has been accessed and resolved (e.g., C. Fowler et al., 1985; Giraudo & Grainger, 2000 Grainger et al., 1991; Lukatela et al., 1980) . In contrast, the results readily support morphology-first accounts that assume prelexical morphologically sensitive segmentation for complex words (e.g., Allen & Badecker, 1999; Schreuder & Baayen, 1995; Taft, 2004) . Furthermore, the results support the view and that at this stage all potential readings of an ambiguous form are activated (e.g., Laine et al., 1999; Simpson & Burgess, 1985; Tabossi, 1988; Van Petten & Kutas, 1987) , even if the ambiguity is apparent only when the stem form is considered separately from the whole word form (Badecker & Allen, 2002) .
At a later stage of processing, however, both ambiguity and prime-target form correspondence were shown to matter. The unmasked priming in Experiment 1 showed significant facilitation for the unambiguous inflected words only, whereas neither the fully ambiguous nor the ambiguous stem condition induced any significant effects. Having shown that the lack of significant facilitation for the ambiguous inflected words at this stage was not modulated by the relative frequency of the two possible interpretations, we hypothesized that the fact that the prime stems were always formally nontransparent compared to the targets might have affected the results. Experiment 2 supported this prediction: When we used ambiguous inflected forms to prime both possible readings in two target conditions, there was significant facilitation for the formally transparent relation, haava ϩ t [aspens/wounds] -haava [wound], but not for the opaque relation, haava ϩ t [aspens/ wounds] -haapa [aspen] . Moreover, we found neither inhibition for the words with an ambiguous stem allomorph (stem homograph allomorphs; cf. Allen & Badecker, 1999) nor any effect for the pseudocomplex monomorphemic words in Experiment 2, although the close form overlap likka-lakka did produce significant inhibition. Thus, taken together, the results from the unmasked priming experiments with 300-ms SOAs suggest that at this stage the stem form of the complex words affected the priming results. They further showed that when faced with the present type of surface ambiguity, the recognition process takes advantage of any available cues. When no other cues are salient enough, the system uses the bottom-up information of the form to guide the selection between the candidate interpretations.
However, there are several unresolved issues that should be further dealt with. These issues, namely, the nature of the early segmentation phase, the late transparency effect, and the observed lack of stem allomorph inhibition, are discussed in more detail below. We start with the last point.
Lack of Stem Homograph Allomorph Inhibition
In contrast to some earlier findings, we did not observe inhibition for the words with an ambiguous homographic stem allomorph with the longer SOA. Laudanna et al. (1989) showed significant inhibition for words sharing stem homographs in Italian. Furthermore, Allen and Badecker (1999) showed inhibition for stem homograph allomorphs (here referred to as ambiguous stem allomorphs) in Spanish. What would explain the differences between the previous and the present results? On one hand, there were slight differences between the experimental procedures in their and our studies: Whereas Allen and Badecker used a slightly longer SOA (350 ms) with the prime word visible for the whole time, in our experiment the prime word was visible only for 200 ms followed by a 100-ms backward mask. It may well be that using such a procedure diminished the perceptual ambiguity between the prime and the target and thus effectively reduced the effect of the perceptual component, thus resulting in no priming for these words. Such an assumption would support the perceptionbased explanation for the effect.
On the other hand, recent evidence suggests that the stem homograph inhibition may not be a very stable effect to begin with. Carreiras et al. (2005) reported an eye-tracking reading experiment for Spanish, where the target words were preceded by either stem homographs (moros-moría), orthographically related (noria-moría), or unrelated controls (calles-moría). They showed that the target words were more difficult to read when preceded by orthographically related words, but they did not find a significant difference between the stem homograph and unrelated control conditions. Their two further priming experiments showed inhibitory effects for the stem homographs that were indistinguishable from the inhibition observed for the orthographic controls. Carreiras et al. noted that in all earlier studies showing stem homograph inhibition (most of) the target words used were verbs, that is, the ambiguity was between nominal and verbal stems. Furthermore, Laudanna et al. (2002) also failed to observe a stem homograph effect for nouns, suggesting that the effect may be highlighted in case of cross-category ambiguity. As also in the present study, all targets were nouns (and only half of the primes were verbs); this may have contributed to the observed lack of inhibition in our case. Because in half of the cases in Experiment 1 the competing interpretation of the inflected primes was verbal and in half nominal, we proceeded to check whether this indeed affected the results. We ran post hoc 2 ϫ 4 ANOVAs on the data with competitor type (verbal, nominal) and prime type (fully ambiguous, ambiguous stem, unambiguous, unrelated) as factors. The results showed no effect of competitor type and no interaction (Fs Ͻ 1), showing that the word class of the competitor did not affect the results.
Thus, it seems that the effect may arise out of the special task-induced circumstances related to unmasked priming, where the awareness of the prime may affect the processing of the target on a mere perceptual basis. The fact that the stem homograph inhibition effect is not observed in natural reading is even more suggestive, because there is no a priori reason to assume that an unambiguous form should affect the processing of another semantically unrelated word on just a morphological basis when there is ample time to resolve the early ambiguity before the target is encountered, as is the case in priming with fairly long SOAs or in natural reading.
Form Overlap
With masked priming, the fully ambiguous inflected words showed identical facilitation compared to both the unambiguous and ambiguous stem allomorph conditions (Experiment 1) and identical facilitation for both potential readings, independent of form overlap (i.e., whether the phonological relation between the prime and target was transparent; Experiment 2). In unmasked priming, however, a transparency-modulated effect was found instead. As much of the available evidence suggests that phonological transparency in terms of stem allomorphy should not affect morphological processing under normal conditions-whether in spoken or written-word recognition (e.g., Järvikivi & Niemi, 2002 Marslen-Wilson et al., 1994; Niemi et al., 1994; Tsapkini et al., 1999) , the explanation for our results should be sought elsewhere. As the relative frequency of the candidate readings did not affect the results, we suggest that the observed transparency effect is not due to morphological factors alone but is most likely due to factors affecting the task under special circumstances created by the awareness of the fully ambiguous prime (Allen & Badecker, 1999) . In other words, the results suggest that the dissociation between processing the transparent and nontransparent primetarget relations may have risen out of perceptual factors in the process of relating the surface forms of the prime and the target. Thus, it seems that in case of surface ambiguity, the prime might create an expectation whereby the recognition process is more tuned to the formally corresponding free-standing stem appearing. In other words, it seems that when faced with the present type of ambiguity, the recognition process takes advantage of any available cues: When no other cues are salient enough, the system may use visual bottom-up information of the form to select between the two candidate interpretations.
Blind Parsing
Much of the recent evidence supporting early blind morphbased segmentation comes from masked priming studies showing that semantic transparency is not a decisive factor at this stage. Importantly, it has been shown that words with a pseudoderived relation (e.g., brother-broth) induce significant priming but that words that are only orthographically related (e.g., brothel-broth) do not (Longtin & Meunier, 2005; Longtin et al., 2003; MarslenWilson, Bozic, & Randall, 2008; Rastle et al., 2004) . In line with these studies, our Experiment 3 showed no significant facilitation for the form condition but did show a large priming effect for both types of inflected primes.
In contrast to the above orthomorphological account of early morphological segmentation, however, we did not find significant priming for the pseudocomplex condition in Experiment 2, although we did find more facilitation (20 ms) for words consisting of a real stem and a real affix than for words with a real stem and a nonsuffixal ending (8 ms). However, neither effect was statistically reliable. It is notable, however, that in our study even the effect for the former type of words was still markedly smaller than the effect in any of the morphological conditions across the two experiments. This result is not compatible with the blind parsing account. Although some of this difference may be readily attributable to the small number of items and a consequent lack of statistical power, there are other possible explanations. The most interesting one is that the segmentation process may not be as blind as is sometimes assumed.
In the earlier studies the semantically opaque (pseudocomplex) words have been compared to semantically transparent derived words. One of the demarcation criteria between inflection and derivation is that derivation prototypically changes the meaning of its base. That is, whereas inflected words are semantically transparent by definition, most derived words are not to a similar extent. In the study by Rastle et al. (2004) the priming effects for transparent derived (cleaner) and opaque pseudoderived words (corner) were 27 and 22 ms, respectively. Moreover, Morris, Frank, Grainger, and Holcomb (2007) also showed larger effects for transparent derived words (43 ms) than for pseudoderived words (27 ms) in English. Although the effects for the pseudoderived words tend to be in the same range as what we found here, the effects for both types are markedly smaller than the effects we found for all inflected word types. Furthermore, it seems that the effects for pseudocomplex words tend to be smaller than effects for transparent derived or inflected words in general, suggesting that it might not be the mere morpho-orthographic correspondence alone that is at play even at this stage, as some recent evidence suggests, but that early morphological processing may be influenced by semantic information as well (Bowers et al., 2005; Diependaele et al., 2005) . Recent studies by Basnight-Brown (2008a, 2008b) offer further evidence to that effect. Feldman and Basnight-Brown (2008b) showed that the properties of filler trials influenced the morphological and semantic effects in masked priming: Although morphological effects were significant independent of whether mixed (morphologically, orthographically, and semantically related), identity, or semantically related fillers were used, facilitation was stronger in the latter two cases and strongest with identity fillers. Moreover, pure semantic relatedness effects were found only when identity or semantically related filler trials were used. In a further masked priming study, Feldman and Basnight-Brown (2008a) demonstrated effects of morphological family size and concreteness that interacted with relatedness in the context of real word and nonword primes, respectively. Their results along with the differing amounts of priming found for truly complex and pseudocomplex words both here and in the previous literature suggest that early morphological parsing is not blind to semantics.
A further factor potentially affecting our results is prime duration: It has been shown that opaque derived words show significant facilitation with short prime durations (43 ms) but that the effect decreases when the duration is increased (Rastle et al., 2000) . Thus, it may be that our 60-ms prime duration affected the results for the pseudocomplex words. However, it did not diminish priming for the inflected words.
The differences observed in the error rates in the present Experiments 1 and 2 also suggest that semantic ambiguity might have had an influence. Although the difference was statistically significant only in Experiment 2, the error rates for the ambiguous inflected words were systematically higher than for the unambiguous ones. Moreover, the lack of interaction between condition and experiment suggests that semantic ambiguity affected the error rates in both masked and unmasked priming experiments the same way, indicating that semantic information may modulate early morphological processing. Even though both the error rates and the comparably diminished facilitation for the pseudocomplex words speak for semantic influences in our masked priming results, this cannot be conclusively shown on the basis of the present data. Thus, the extent to which the degree of form-meaning correspondence is a factor affecting early morphological processing needs further investigation.
Conclusion
By and large the results from the present study support the view that morphological regularities are systematically exploited in recognizing inflected words at the early stage of morphological processing. They show that the early segmentation phase treats all inflected words in a largely similar fashion, whether unambiguous or completely or partly ambiguous. The results provide evidence that the morphologically sensitive segmentation takes place before and mediates the access to the complex word's lexical representation. Furthermore, whereas at the early phase the stem form does not affect processing, it does so at the later stage, to an extent that form overlap may affect processing significantly when the whole word form is inflectionally ambiguous. In sum, the results are incompatible with any morphology-second approach that assumes that morphological decomposition takes place only after the complex word's full form has been resolved. They are generally in line with the view that the early phase of morphological processing is characterized by a fairly fast and automatic segmentation phase. Even though the current data were not decisive as to whether the early segmentation phase is guided by morph-based orthomorphological cues alone or whether higher linguistic information is already activated and used at this stage, the potentially semantic influences cannot be dismissed. Therefore this issue must remain for further studies to resolve.
